It has been shown in an earlier communication (11) that auxin increases the amount of incorporation of carbon-14 derived from methyl labeled methionine into a fraction of the cell wall of Avena coleoptile sections which possesses the properties classically associated with pectin. Incorporation into this material represents but a small part of the total, the main part being into the protopectin fraction. Such incorporation is not significantly affected by the presence of auxin. The auxin effect on incorporation into the pectin fraction persists in solutions which contain sufficient mannitol to prevent elongation during the course of the experiment. C14 from glucose was also found to be incorporated into pectin more rapidly under the influence of auxin. Bennet-Clark (1) and others have also suggested that auxin causes an increase in the methyl content of pectic substances of cell walls of elongating tissue. The hypothesis may be formulated that methylation of the carboxyl groups of adjacent pectin molecules under the influence of auxin may be involved in the splitting of anhydride or calcium bridges which contribute to the mechanical properties of the cell wall.
It has been shown in an earlier communication (11) that auxin increases the amount of incorporation of carbon-14 derived from methyl labeled methionine into a fraction of the cell wall of Avena coleoptile sections which possesses the properties classically associated with pectin. Incorporation into this material represents but a small part of the total, the main part being into the protopectin fraction. Such incorporation is not significantly affected by the presence of auxin. The auxin effect on incorporation into the pectin fraction persists in solutions which contain sufficient mannitol to prevent elongation during the course of the experiment. C14 from glucose was also found to be incorporated into pectin more rapidly under the influence of auxin. Bennet-Clark (1) and others have also suggested that auxin causes an increase in the methyl content of pectic substances of cell walls of elongating tissue. The hypothesis may be formulated that methylation of the carboxyl groups of adjacent pectin molecules under the influence of auxin may be involved in the splitting of anhydride or calcium bridges which contribute to the mechanical properties of the cell wall.
The present investigation was undertaken to determine to what extent general metabolic inhibitors interfere with the incorporation of methionine methyl into the pectin fraction and to answer definitively the question of whether methyl carbon incorporation accompanies only net pectin synthesis or whether such incorporation occurs at a more rapid rate than net synthesis and is therefore to be regarded as methyl ester turnover. It will also be shown below that esterification of pectin by methyl derived carbon is an auxin controlled reaction.
MATERIALS AND METHODS
The material for the experiments described below consisted of 5 mm sections cult 3 mm below the tip of Avena (var. Siegeshafer) coleoptiles grown in the conventional manner (10 dium were counted before and after incubation to determine the amount of substrate taken up by the tissue.
After incubation for 3 hours at 250 C, sections were rinsed, dried on filter paper and ground with cold water in a mortar. The ground debris was handled and analyzed as described earlier (11) . The varied cell wall fractions are separated on the basis of their solubilities and do not necessarily represent specific chemical entities. The names classically ascribed to each fraction will however be used in this paper for convenience.
All planchets were counted on an automatic sample changer using a micromil window tube and Q gas. All counts are corrected to infinite thinness.
The counts incorporated are expressed on a 10-mg dry cell wall basis. There is no appreciable effect of IAA upon incorporation into protopectin.
The radioactive pectin extracted from sections incubated with labeled methionine may be saponified for removal of the methyl ester groups. The residue from the saponification contains only 20 to 30 % of the original radioactivity, 70 to 80 % having been lost as a volatile material. The pectic acid liberated by the saponification may also be precipitated with alcohol as calcium pectate. The calcium pectate thus prepared was fotund to contain about 10 % of the radioactivity present in the original pectin fraction. This behavior is in contrast to that of pectin prepared from sections incubated with glucose-C14. Such pectin loses only about 20 % of its radioactivity on saponification and about 80 % is recoverable in the purified calcium pectate. These observations confirm those reported earlier (11) .
It was previously reported that auxin exerts an effect in increasing rate of methyl carbon incorporation into pectin even in sections prevented from elon- gating by incubation in 0.3 -M mannitol solution. The data of figure 2 concern the rate of methyl carbon incorporation into pectin over the range of external osmotic concentration from very dilute buffer to just above incipient plasmolysis. It may be seen that increasing external osmotic pressure results in reduced incorporation into pectin esters over a 3-hour incubation. The absorption of methionine is not depressed by the increasing osmotic pressure. The effect of auxin on incorporation into pectin ester decreases slightly (percentagewise remains constant) as mannitol concentration increases, suggesting that a small part of the auxin induced incorporation may be an artifact of elongation. However, as Ordin, Applewhite and Bonner (10) have shown, elongation under these circumstances drops much more rapidly with increasing external concentration.
Although in the particular experiment of figure 2 the incorporation into protopectin ester is slightly less in the presence of auxin than in its absence, the data of figure 1 poration into pectin ester however was essentially uInaffected by 2,4,6-T. The antiauxin has then no effect on basal rate of incorporation into pectin. The basal rate is apparently not auxin controlled and in this is similar to the endogenous (no added IAA) rate of section elongation which is also not inhibited by 2,4,6-T.
It has been shown by Bonner (2, 3), Hackett and Thimann (6, 7) and others that 2,4-dinitrophenol (DNP) and anaerobic conditions inhibit auxin-induced cell elongation. These inhibitors also inhibit both the continuing and the auxin-induced increase in methyl carbon incorporation into pectin. The data of table I concern the effects of 2.5 x 10-M DNP or of argon on incorporation of methyl carbon into pectin and protopectin esters. The sections were pretreated with the inhibitors for one hour, after which time radioactive methionine was added and incubation continued for an additional 3 hours. The argon was supplied as described by Ordin, Applewhite, and Bonner (11) . Earlier experiments (5, 11) have shown that the carbon of glucose-C'4 is incorporated into cell wall constituents in the Avena coleoptile and that this incorporation is influenced by auxin. The data of table II show that glucose carbon is incorporated both into the saponifiable (ester) group of pectin and into the non-saponifi.able residue, presumably into the polyuronide residues. That glucose can give rise to active one carbon units is knowvn (15) . The data of table II show in addition that the increased incorporation of glucose carbon into pectin in the presence of auxin, is due completely to the effect on incorporation into ester.
DISCUSSION
It is known that certain polyvalent cations, particularlv calcium, inhibit both endogenous (no added IAA) and IAA-induced growth. Bennet-Clark (1) has found in addition that chelating agents which sequester such ions increase endogenous elongation of Avena coleoptile sections. The suggestion may be made therefore that methyl esterification may be the method by which polyvalent cation bridges between adjacent carboxyl groups of cell wall pectin are broken under the influence of auxin giving rise to increased cell wall plasticity. Calcium bridges between pectin chains are undoubtedly those of greatest importance but there is a possibility that pectin may be cross linked and that auxin may split anhydride bridges, these bridg,es being of the nature suggested by Kertesz (8) . The exact compounds or enzymes to which IAA attaches itself to split such bonds are unknown. The bond splitting may either require methvl esterification as a primary part of the reaction or mayr require it to stabilize the split once made.
It seems clear that in the Avena coleoptile, bond splitting between pectin chains occurs as the result of methyl esterification with methionine as a methyl donor. Nance (9) , on the other hand, has shown that IAA accelerates incorporation of acetate-1-C14 into the pectic substances of the pea stem and that part of this increase is due to incorporation of acetyl groups. Although acetyl groups may be involved in the cell wall metabolism of the coleoptile, their role has yet to be assessed.
It has been shown that a steady rate of methyl esterification is maintained in the coleoptile in the absence of auxin even when no elongation is taking place. Some synthesis of cell wall constituents is also maintained in the absence of added auxin. This can be detected by use of labeled glucose and such synthesis also oceurs in the absence of elongation. The non-auxin induced esterification appears to accompany such synthesis. This basal esterification rate declines as external osmotic pressure is increased but the auxin induced increment in rate remains almost constant in absolute terms up to external osmotic concentrations near incipient plasmolysis. At osmotic concentrations higher than this the auxin effect disappears.
The small increase in rate of pectin synthesis under the influence of IAA which is indicated by the use of glucose-C14 as substrate is due to an effect of the auxin on a saponifiable fraction. It may be concluded that, in short term periods at least, auxin exerts little effect on net synthesis of pectin and that the effect of auxin on pectin esterification is the more important reaction. When sections elongate in optimal osmotic concentration the presence of auxin induces an increase in cellulose synthesis as has been shown by Boroughs and Bonner (5) with sucrose as substrate and by Ordin and Bonner (12) with galactose as substrate.
Perlis (13) also found that in elongating pea stems IAA enhances incorporation of acetate carbon into cellulose, protopectins and hemicellulose.
The antiauxin, 2,4,6-T, in the absence of IAA, and in the antiauxin concentration range, causes a slight depression of absorption of methionine and also causes a marked inhibition of incorporation of radioactivity into protopectin ester but does not inhibit incorporation into pectin ester. The cause of this inhibition is not known but it apparently has little to do with the endogenous elongation which may occur under these circumstances and which is not sensitive to antiauxin.
Anaerobic conditions and DNP both decrease incorporation as would be expected of an auxin sensitive reaction. As would be expected, these conditions inhibit absorption of the substrate, but when the data are calculated on the basis of amount absorbed, it becomes apparent that both auxin and non-auxin controlled incorporation of methionine methyl carbon are much more sensitive to metabolic conditions than is methionine absorption.
A question that remains unanswered is whether the increase in esterification mediated by auxin aecompanies a conversion of protopectin to pectin which thereby loosens the cell wall, or whether the pectin fraction itself becomes less rigid, the protopectin remaining unaffected. That pectin ester may possibly be a precursor of protopectin ester in the synthetic process (with no direct relation to the auxin mechanism) is suggested by progress curves of incorporation. Pectin is as highly labeled as in protopectin in the early periods. Only over longer times does protopectin become the more labeled. Since protopectin constitutes most of the cold water insoluble pectic substance of the cell wall, it may behave as a sink for pectin. When glucose is used as the substrate a similar relation between pectin and protopectin is apparent over short time periods. Thus conversion of small pectic units to larger ones appears to be possible. Alternatively, it is possible that pectin is first labeled and that protopectin is labeled later merely because of differential reaction rates.
Efforts to demonstrate a direct conversion of pectin to propectin have yielded negative results. As indicated by Ordin, Cleland and Bonner (11) dication that isocitric acid becomes involved in the metabolic reactions. In a recent experiment (2) , for example, about 9 % of the isocitric acid disappeared after the leaves had been held for 74 hours under artificial lights. The rate of the reaction was notablv sluggish and the total effect was small. Accordingly, it seemed essential to reexamine the behavior of starch and of isocitric acid under the conditions that were employed in the previous experiment.
In the early work of Dr. Pucher, the leaves had been supported in wire baskets in complete darkness in a sterilized metal cabinet where they were subjected to a continuous fine spray of water at 230 C. The surfaces of the leaves were thus continuouslv washed with water, the object, being to minimize the J)Ossibility of contatmination with microorganisms the growth of which might confuse the experimental results. ITUnder these circumstances. the initiation of
